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Statement of contribution
What is already known on this subject?
• Attitudinal beliefs (specific beliefs about the consequences of performing an action) are key to designing interventions to change intentions and behaviour.
• The literature reports four methods for assessing the importance of attitudinal beliefs: frequency of elicitation in interviews; importance ratings in questionnaires; and strength of prediction (bivariate and multivariate) of global attitude scores.
• The congruence between these measures of importance is not known.
What does this study add?
• Four indices of importance were examined in a multi-professional, international study about the use of Selective Digestive Decontamination to prevent infection in intensive care settings
• Three indices were correlated with one another.
• The method used to assess importance produced different subsets of the most important beliefs. Selection of the most important beliefs should use multiple assessment methods.
• This evidence suggests that multiple regression approaches may not be robust for assessing belief importance.
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Abstract (250 words)

Objectives
Behaviour change interventions often target 'important' beliefs. The literature proposes four methods for assessing importance of attitudinal beliefs: elicitation frequency, importance ratings and strength of prediction (bivariate and multivariate).
We tested congruence between these methods in a Delphi study about Selective Decontamination of the Digestive tract (SDD). SDD improves infection rates among critically ill patients, yet uptake in intensive care units is low internationally.
Methods
A Delphi study involved three iterations ('rounds'). Participants were 105 intensive care clinicians in the UK, Canada and Australia/New Zealand. In Round 1, semistructured interviews were conducted to elicit beliefs about delivering SDD. In Rounds 2 and 3, participants completed questionnaires, rating agreement and importance for each belief-statement (9-point Likert scales). Belief importance was assessed using: elicitation frequency; mean importance ratings; and prediction of global attitude (Pearson's correlations; beta-weights). Spearman's correlations between indices were computed.
Results
Participants generated 14 attitudinal beliefs. Indices had adequate variation (frequencies: 4-94); mean importance ratings: 4.93-8.00; Pearson's correlations: +0.09 to +0.54; beta-weights: +0.01 to +0.30). SDD increases antibiotic resistance was the most important belief according to three methods and was ranked second by beta-weights (behind Overall, SDD benefits the patients to whom it is delivered).
Spearman's correlations were significant for importance ratings with frequencies and correlations. However, other indices were unrelated. The top four beliefs differed according to the measure used.
Conclusions
Results provided evidence of congruence across three methods for assessing belief importance. Beta-weights were unrelated to other indices, suggesting that they may not be a robust method.
Comparison of four methods for assessing the importance of attitudinal beliefs: An international Delphi study in intensive care settings.
Background
Beliefs about the positive and negative consequences of performing a specified behaviour (i.e., attitudinal beliefs) are widely thought to influence the likelihood that the behaviour will be performed (Michie et al., 2005) . In social cognition models, such beliefs are proposed to be the precursors of attitude, which is one of the important predictors of intention and behaviour (Fazio, 1989; Fishbein & Ajzen, 1975) .
Introducing strategies to change attitude is one of the most frequent approaches used when trying to change behaviour (Michie, Johnston, Francis, Hardeman, & Eccles, 2008) ; (Zimbardo & Leippe, 1991) ; (Abraham & Michie, 2008; Abraham & Michie, 2008) . The literature proposed several methods for identifying the key beliefs to take forward for further investigation or for intervention development. However, there is a lack of evidence about which methods are best for identifying attitudinal beliefs that are most important and thus most likely to be key to behaviour change.
Several working assumptions about this question are evident in research about health-related behaviour, including the behaviour of healthy people (to maintain health), those with a diagnosis (to manage their condition) and health professionals (as they deliver health care). In social cognitive approaches, the cognitive accessibility of a concept (i.e., how readily it comes to mind) (Higgins, King, & Mavin, 1982 ) is proposed to indicate its importance for processing relevant information (e.g., combining concepts when forming attitudes) and to moderate the attitudebehaviour relation (Fazio, 1989; Fazio, Powell, & Williams, 1989) . For example, some people who think about the consequences of increasing their physical activity may immediately (and frequently) think of losing weight; others may think about increasing their cardiovascular fitness; others may think about building muscle mass. Behaviour change scientists would be justified in assuming that an individual's most quickly and frequently activated beliefs (i.e., those with greatest cognitive accessibility) are the most likely to drive that person's motivation and, thus, behaviour. This assumption has obvious and important implications for selecting the informational content of behaviour change interventions. The 'cognitive accessibility' assumption underlies theory-based elicitation studies: participants are interviewed to elicit their salient beliefs; some of these beliefs are then identified as 'modally-salient' (i.e. most frequently mentioned across a sample of interview participants). The modally salient beliefs are then included in questionnaires to identify the strongest predictors of intention, motivation or behaviour (Ajzen, 1991) (Sutton et al., 2003) .
Modal salience is not the only approach to identifying belief importance. Two contrasting approaches to assessing the importance of attitudinal beliefs do not rely on the cognitive accessibility assumption. First, 'expectancy-value' approaches to designing questionnaires include two kinds of questionnaire items: (1) items to assess the 'expectancy' associated with each belief (i.e., strength of belief, or the individual's estimate of the probability of the consequence occurring); and (2) 'value' of that consequence to the individual (i.e., its subjective importance) (Fishbein & Ajzen, 1975) .
Second, a 'judgement analysis approach' has been applied to clinical reasoning (Cooksey, 1996) . This approach contrasts subjective and objective importance by considering both questionnaire-based importance ratings (e.g., How important is it to you to build muscle mass? Scale: 1 [not at all important] to 7 [extremely important]) and the relative power of each belief to predict attitude or behaviour. For example, in a multiple linear regression to predict global attitude from a number of strength-ofbelief ratings, the relative sizes of the standardised regression coefficients would reflect their relative importance in determining attitude (Evans St., Harries, Dennis, & Dean, 1995) . Evans et al. (1995) used this multiple regression approach to identify the "tacit policies" of General Medical Practitioners and compared them with their stated policies (subjective ratings of the influence of each factor in a clinical scenario). The multiple regression method is used to identify the 'objectively important' beliefs (or 'tacit policies') that are appropriate targets in behaviour change interventions. A variation on this method is the Pearson's correlation coefficient which represents the linear relationship between a belief and global attitude, regardless of any other beliefs that might explain variation in the attitude score.
In summary, in the social cognition literature, there appear to be four methods for determining belief importance, each based on different assumptions: (1) the elicitation method (based on the cognitive accessibility assumption); (2) the selfreport method (based on the assumption that individuals can accurately report the importance of their beliefs for influencing their attitudes or behaviour); (3) the bivariate prediction method (based on the assumption that prediction, while different from causation, is nonetheless an indicator of the beliefs that are most likely to have a causal influence on attitude and behaviour); and (4) the multivariate prediction method (based on the assumption that the relative importance of beliefs is best judged by considering them together in one analysis). These four approaches, and their underlying assumptions, are presented in Table 1 .
TALBE 1 HERE
To identify the extent of usage of these four methods of assessing importance, we conducted a brief but systematic scoping search, in the PsycINFO database to May 2013, of the following terms when combined with terms relating to attitude and belief importance: ("elicit*" or "modal salien*"); ("rating" or "self-report"); "correlat*"; ("betaweight" or "regression"). This search resulted in identification, respectively, of 625, 3758, 3476 and 1966 results. When these four searches were combined with "AND", no papers were identified. This confirmed that, first, the four methods have been extensively reported in the literature and, second, no investigations have been reported that compare all these methods.
In the field of behaviour change, intervention design crucially relies on the validity of whichever of these four methods is used for identifying important beliefs. For example, intervention mapping approaches propose that a key step in intervention design is the use of empirical evidence (literature reviews, qualitative and quantitative studies) to identify the important determinants of the health problem to be addressed (Bartholomew, Parcel, & Kok, 1998) . In addition, recent reports of the development of behaviour change interventions to enhance the uptake of clinical guidelines have been based on evidence about the importance of beliefs, where evidence about importance is generated from the elicitation method (McKenzie et al., 2008) (French et al., 2012) or the prediction method (Foy et al., 2007) .
As the elicitation method is frequently used to select the most important beliefs to include in questionnaires, questionnaires usually contain only a subset of beliefs elicited in interview studies. Hence, there is little research directly comparing these measures of importance. Steadman and Rutter (Steadman & Rutter, 2004) compared attitude scores based on salient (frequently elicited) beliefs with attitude scores based on a subset of those beliefs that were rated as 'important' but did not directly compare the importance indices. More direct evidence can be found in the social judgment analysis literature, which indicates that the relative importance of subjective (importance ratings) and objective beliefs (predictive power) does not always converge (Evans St., Harries, Dennis, & Dean, 1995; Hunter, McKee, Sanderson, & Black, 1994) . However, no study has compared the congruence between all four approaches. How, then, can we identify the best methods for selecting the beliefs that should drive the design of behaviour change interventions?
A recent international Delphi study of beliefs of healthcare professionals about a clinical procedure, Selective Decontamination of the Digestive tract (SDD), in Intensive Care Units (ICUs) study (the SuDDICU study), provided the opportunity to test, for the first time, the congruence of four indices of importance. SDD involves the application of non-absorbable antibiotic paste to the mouth and stomach and a short course of intravenous antibiotics, for prevention of infection (Cuthbertson et al., 2010) . The evidence base relating to SDD is strong, with 11 published meta-analyses of 36 randomised controlled trials (RCTs). These meta-analyses show that SDD reduces rates of ventilator-associated pneumonia and hospital acquired infections. It also reduces mortality in critically ill patients in more recent meta-analyses. However, uptake of SDD, internationally is low. The Delphi study investigating clinicians' views about SDD was part of a larger multi-phase, mixed-methods study (the SuDDICU study) reported elsewhere, that investigated the reasons for such low uptake in the United Kingdom, Canada, Australia and New Zealand (Cuthbertson et al., 2010; Francis et al., 2013) .
Delphi approaches have been used in health research for over four decades (Dalkey, 1969; Fink, Kosecoff, Chassin, & Brook, 1984) to establish expert consensus (e.g., to decide appropriateness of clinical actions, where there was a lack of evidence), or to identify levels of agreement (or disagreement) within an expert group. Delphi studies use a structured, iterative process including anonymised feedback in a series of sequential questionnaires or 'rounds'. There are two advantages of using this technique, compared with face-to-face group discussion. First, it operationalises the principle that good decision making first involves the generation of multiple alternatives, leaving a critique of those alternatives to a later stage (D'Zurilla & Nezu, 1998) . Second, it avoids the problems that may occur in face-to-face (or 'nominal') group discussions, e.g. 'groupthink' (in which individuals reach premature consensus through 'normative' influence (Janis, 1972) arising from the early or strong views of influential individuals such as senior colleagues) or 'group polarisation' (in which individuals express opposing views because of competition within the group) (Myers & Lamm, 1975) . It is designed to use 'informational' influence (Asch, 1955) , in which novel ideas may be introduced and considered by individuals in the group without being contaminated by the effects of group dynamics. The appropriate number of Delphi rounds will vary according to the complexity of the issues discussed and the diversity of the sample, but evidence suggests that three or four rounds are appropriate (Erffmeyer & Erffmeyer, 1986; Murphy et al., 1998) .
Reflecting the four methods for assessing the importance of beliefs, the SUDDICU Delphi study involved: (1) an interview round to elicit participants' beliefs about the consequences of delivering SDD; (2) two questionnaire rounds in which the same participants were asked to rate their strength of agreement with, and the importance of, each belief; (3) computation of bivariate correlations; and (4) building of a regression model to predict global attitude from strength-of-agreement scores for each belief. The aim of the current paper was to assess the congruence of the findings based on these four methods for assessing the importance of attitudinal beliefs.
Methods
Sample
Participants were clinicians working in intensive care in three geographical zones (UK, Canada and Australia/New Zealand). They included four groups of professionals identified as key stakeholders with respect to the delivery of SDD in ICUs: intensive care physicians, clinical microbiologists, hospital pharmacists and ICU clinical leads. In each geographical zone, clinicians in each of the four professional groups were purposively sampled to achieve diversity on a range of potentially relevant characteristics (teaching hospital versus general hospital, size of ICU, experience of using SDD or not, years of experience in ICU).
There is a range of opinions on the appropriate sample size for Delphi studies, but smaller sizes (10) have been deemed appropriate where participants have similar training (Akins, Tolson, & Cole, 2005) . Thus, the target sample size was 10 participants per stakeholder group in each geographical zone (40 per zone and 120 in total). The analysed sample included all clinicians who provided complete data across all three Delphi rounds.
Of the 141 clinicians interviewed, 105 (74%) provided complete data (i.e., no missing items) across the three data collection rounds. ). The TDF was developed by experts in behaviour change and health services research using a consensus process. The framework integrates overlapping constructs from 33 theories to make theory more useful in applied research and is frequently used to investigate clinical behaviours (Francis, O'Connor, & Curran, 2012) . The topic guide included at least one prompt for eliciting beliefs from each of the 12 theoretical domains in the framework and a range of potential follow-up prompts. The topic guide was piloted with three clinicians and minor adjustments were made to increase usability and clinical sensibility.
Based on the interview (Round 1) findings, a questionnaire was developed for Round 2. Items incorporated all elicited beliefs (i.e., not only the frequently mentioned beliefs but also minority beliefs, as long as they were mentioned in each geographical zone and were thus relevant to each healthcare context) and included the global attitude item, I am opposed to SDD. For each belief, participants were asked to report the strength of their agreement or disagreement (where 1 = strongly disagree and 9 = strongly agree) and their rating of the personal importance of this issue to their overall opinion about the delivery of SDD to critically ill patients (where 1 = not at all important and 9 = very important). Nine-point Likert items were used, as is recommended for Delphi studies involving expert samples (Fitch et al., 2000) . For 
Analysis
For Round 1, interview transcripts were classified into theoretical domains by one researcher in each zone. These classifications were checked and discussed by other members of the team in each nation and by the study's international working group.
Content analysis was performed on data within each domain by other members of the team, using an inductive process, to identify specific beliefs. Beliefs with similar content (e.g., relating to cost-effectiveness) but opposite valence (i.e., implying being for or against SDD) were classified together as one belief. The analysis was conducted in parallel in the three geographical zones, and the international research team met by telephone conference once each month during the four-month duration of Round 1 to ensure similar methods were used.
The iterative approach of the Delphi approach enables the assessment of the extent to which participants change their opinions during the process of viewing group-level feedback. Round 2 and 3 responses were thus assessed for stability at the level of both individuals (change scores) and the whole sample (group means). Round 3 data in the Beliefs about Consequences domain (i.e., attitudinal beliefs) are reported in the current paper, as a greater number of specific beliefs were generated in this domain than in any other domain. Mean importance ratings were computed. Pearson's bivariate correlations were computed between agreement scores for each attitudinal belief and global attitude scores (assessed using the item I am opposed to SDD). A multiple linear regression was performed to predict global attitude scores from agreement scores for the individual beliefs.
The relative importance of beliefs was thus measured using four methods: (1) elicitation (frequency of coding in interview data); (2) self-report (importance ratings); (3) bivariate prediction (correlation) and (4) multivariate prediction (standardised regression coefficients in a multiple regression using agreement ratings to predict global attitude). These four indices were tabulated and the congruence between them was assessed using Spearman's correlation coefficients.
Results
Beliefs elicited in Round 1 interviews are presented in Table 2 , together with coding frequencies for each geographical zone. Participants generated a total of 16 attitudinal beliefs. Of these, one was classified as a 'global' attitude item (I am opposed to SDD) and was used as the dependent variable. Fourteen beliefs were elicited across all three zones. Patterns of frequencies were similar across the zones (Table 2) .
TABLE 2 HERE
Responses were highly stable, at the individual level, between Round 2 and Round 3. The Inter Quartile Range (IQR) of individual change scores for agreement ratings was zero (i.e. no change) for every item and the IQR of change scores for importance ratings was zero for all items except SDD increases antibiotic resistance, for which the IQR (change score) was 1. Group-level stability was evident from the small changes in mean scores for each item between Round 2 and Round 3; absolute mean differences ranged from 0 to 0.52. Hence, a further Delphi round was deemed not required and the decision was made to stop at Round 3 and to use the Round 3 data for analysis. Table 3 Table 2 to show the unique variance accounted for by each belief, were substantially lower than the beta-weights for two beliefs (SDD increases antibiotic resistance and Overall, SDD benefits the patients to whom it is delivered), indicating substantial shared variance with other predictors. However, the rank order of beliefs based on beta weights and semi-partial correlations was the same.
TABLE 3 HERE
Three of the four indices of importance identified SDD increases antibiotic resistance as the most important belief. This belief was elicited in 93/105 (89%) interviews; had a mean importance rating of 8.00 (on the scale of 1 to 9) and was significantly correlated with global attitude (r = 0.54, p < 0.001). In the multiple regression model it had the second highest beta weight (β = 0.26, p < 0.001). Similar congruence among importance indices was not demonstrated for the other beliefs; for example, identification of the next three most important beliefs (bolded in Table 3 ) differed according to the measure used as follows (listed in order):
• From frequencies: SDD is cost effective; SDD reduces ventilator associated pneumonia; SDD benefits the patients to whom it is delivered; There is no mortality benefit associated with SDD (four beliefs listed here as the third and fourth beliefs had equal frequency);
• From importance ratings: SDD would increase Clostridium difficile infections;
The risks of SDD outweigh the benefits; SDD reduces hospital acquired infections • From correlations: The risks of SDD outweigh the benefits; SDD benefits the patients to whom it is delivered; SDD is cost effective;
• From beta-weights: SDD benefits the patients to whom it is delivered; SDD increases pharmacy workload; I am opposed to the IV component of SDD.
Spearman's correlations, for assessing the congruence (in ranking of beliefs) between the four indices, are presented in Table 4 . Although the sample size was small (n = 14 items), correlations were high, and significant at the 0.05 level, for the relationship between importance ratings and frequencies, and between importance ratings and bivariate correlations rho = 0.54 and 0.66, respectively). Spearman's rho for the relationship between the beta weights and bivariate correlations was 0.42 (p > 0.05). Spearman's correlations between the other measures were in the range -0.12 < rho < 0.39, all non-significant.
TABLE 4 HERE
Discussion
This international study is the first to assess the congruence between the four most commonly used methods for identifying the importance of attitudinal beliefs. It showed that importance indices based on self-report (importance ratings) were correlated with those based on elicitation and bivariate prediction. The multivariate prediction method, using beta weights, was congruent with bivariate prediction (these two indices not being independent of each other) but not with the other two methods.
These findings in general support the theoretical assumptions that underlie three of these measures (namely, the cognitive accessibility assumption, the assumption that individuals can accurately report the importance of their beliefs; and the assumption that bivariate linear relationship is an indicator of importance). However, the statistical complexities underlying multivariate regression (specifically, when predictors are inter-correlated as in this case) appear to make this an inferior indicator of belief importance. Using multiple regression analysis (as proposed by the social judgement approach), therefore, may not be a robust method to use routinely for identifying important beliefs. It could be argued that a reason for using multiple regression is to get rid of shared variance between predictors. However, we would argue that shared variance, while an important consideration for prediction, should not rule out a variable as an appropriate, or potentially important, intervention target.
It is perhaps not surprising that there was no reliable relationship between the frequency method and the Pearson's correlation method: we do not regard this as a fault of the interview method as such. Rather, it reflects the different objectives of each method. The frequency method does not seek to assess how strongly a belief is held, but assesses the prevalence of a belief across a sample.
Despite some evidence of congruence, these results suggest that methods for selecting a few of the most important beliefs (e.g., for designing interventions) may not produce reliable selections. It is usual practice to select the most frequently elicited beliefs either for further investigation in a predictive questionnaire study (Foy et al., 2007) or for intervention design (French et al., 2012) . Although three methods for assessing importance identified the same 'most important' belief about SDD, the next three most important beliefs differed according to the method used. Hence, selecting a small number of important beliefs to target in an intervention would lead to interventions with different informational content depending on which measure of importance was used.
If researchers wish to select beliefs as the focus of interventions, we would recommend the use of multiple methods. This would, for example, require that a belief be assessed as important according to at least two indices before being taken forward for further consideration. As an example, from Table 3 above, using the three related indices, the following beliefs were identified in the top four for importance at least twice:
• SDD increases antibiotic resistance
• The risks of SDD outweigh the benefits
• Overall, SDD benefits the patients to whom it is delivered
SDD is cost effective
In any intervention that aimed to alter clinicians' attitudes to SDD, it would thus be appropriate to target these specific beliefs. It is worthy of note that, while it could appear that the second and third beliefs in the above list are essentially the same, they were actually different for the clinicians in this sample, who distinguished between individual patients and patients collectively. Many reported that, although SDD could benefit the individual patient, they felt that there was an unacceptable risk of the development of antibiotic resistance among patient populations as a whole if SDD were delivered to some individuals.
This study had a number of strengths. First, in a diverse multinational, multiprofessional panel of clinicians responsible for the care of patients in ICUs, there was a relatively high level of participant retention. The parallel use of the same methods for data collection and analysis across three continents and different health systems yielded similar patterns of data, suggesting that the findings are robust across different healthcare contexts. However, the specific topic investigated (the use of SDD in intensive care) may have particular features that could limit the generalisability of the specific findings (e.g., with respect to one belief consistently emerging as most important). Nonetheless, the findings relating to methods for assessing the importance of attitudinal beliefs appear robust.
Since the introduction of evidence-based health care, clinical guidelines, frequently developed using Delphi methods to obtain expert consensus, have become a major approach to trying to influence healthcare practice. For example, the National Thus, the question of which methods are valid for identifying belief importance has significant implications. Further research could take this approach a step further by assessing the extent to which guidelines or interventions that are based on 'important' beliefs (identified using these different methods) are effective in changing practice recommendations, attitudes, intentions or behaviour.
Conclusion
To our knowledge this is the first study to test congruence of four methods for assessing the importance of beliefs in determining attitude: frequency of elicitation or modal salience; importance ratings; bivariate prediction and multivariate prediction.
Importance ratings were strongly related to both frequency of elicitation and bivariate correlation. However, studies usually select a few 'most important' beliefs for further investigation or for intervention design. In this study, each of the four measures of importance gave a different set of the four most important beliefs. Based on these findings, identification of important attitudinal beliefs for intervention design should not use a singular approach and should not rely on the multiple regression approach as the method of choice. 
